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Abstract

This paper describes embedded processor architecture design which is applicable to multimedia in mobile platform. The

main description is based on basic processor architecture and consideration about energy efficiency when used in mobile
platform. To design processor data path architecture (pipeline, branch prediction, multiple issue superscalar, function unit
number) which is optimal to multimedia application and cache hierarchy and its structure, we have run the simulation with
variant architecture using MPEG4 test bench as multimedia application. We analyzed energy efficiency of architecture to
check if it is applicable to mobile platform and decide basic processor architecture based on analysis result. The suggested
basic processor architecture not only can be applied to mobile platform but also can be applied to basic processor

architecture of configurable processor which is designed through automatic design environment.
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II. MPEG4 testbench&} simulation &

B =R AM8¥® simulators simplescalart''®
MIPS-IV ISA(Instruction Set Architecture) H}eho.
2 38 single/double precision floating point square
roots A4t &7 load9}t storeAl= F 7FA| address
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719] 16712 2§ 71ed register®2 TAHO doh
23 test benchZ AHE-E MPEG4 =212 ETRIY
A Ezxyeg J)Ed simple profile level 2 (QCI
F(176X144), 128kbps)¢] MPEG4 ASIC"¢] 2534
A} AM8-9 reference C ZEZ AHEE MOVA AXES)
& AHgEen 1 74 Ao Oy 1 3 2
.

MOVAS®] Compile® Y] 542 & 14 7]
A=Y ok 23 F 2 /A Fay e ¢4
UltraSparc-& VIS(Visual Instruction Set)9] instruction
set @ compiler”} simplescalaroll A A Q3= MIPS-TV
d H& = Alo]ZeA 258 St AS & F
glom E =Fo|xq Alg"H MOVAQ encodingy&&
o] 73vi7t 2& & F Utk

18 3 real stream¥7o] obd A3olA AY AE
398 compile}AA bytedt¢]2l G4 AZE integ
-er format(dbyte)2.2 AZ =] profiler?] memory
oAl data Z7]7} 48] F7FsHAl S ATk

AA processor 78 F real 7 TN Guky
°2 2 frame °|&32E 10 frameS AHE-3+9 comp
-iled Az} B8 1/59) data memory7}t AHEES &
Aselof Fk.

2| instruction format&

. Cache hierarchy

Frame Input i 1
] peT H Quant vie H Buffer ]—~
(2
_—
Motion BeT
Estimation
a8 1. MPEG4 2l3E EEX
Fig. 1. MPEG4 Encoding Diagram.
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Table 1. MPEG4 encoding: test bench characteristics.

Characteristics Items
Encoding input file
Encoded output file
Compiled MPEG4 text size
when use UltraSPARC gcc

| _compiler(VIS)

r Compiled MPEG4 text size
when use simplescalar
compiler(MIP-1V)

MPEGH4 program text size
in simplescalar profiler

Size
38016 Byte/frame
482 Byte/frame
293928 Byte

734884 Byte

362736 Byte

MPEGH4 program data size 1609556 Byte
in simplescalar profiler
i when run 10 frames
¥ 2 data path A% AHF
Table 2. data path parameter.
data path 7% A3 A
Branch direction prediction hit rate 0.35
Instruction decode, issue, commit 8
RUU 256
integer ALU, 3
i Functional multiplier,divider
\ Unit floating point ALU, 8
i multiplier divider

cache®] A7]9} miss rate® H4dY £ Y FRE
Al Aolth. Ywr¥ o2 cached A77} E4F
miss ratet £ EA% first chunk access latency”}
AA AAS NdE FofEth 28 BE caches first
chunk access latencyZ # 4313184 miss rateZ 7l
g F Y= AA o 3t} 53] £ processor A
AN E B4 S&(ex. MPEGY)Y 538 F2< 3t
22 cache?] T8 T2 block size, set®] entry7}<r,
set associative, replacement strategydl Ao uje}
A A4 TIFEE T 5 3k

o]2]8 ZHZ cache simulation®& A set associa
-tivedl WE AH% WHIE HAHEu olF ulgo=
cache® block Z7]9} set entry & W 3IA] 7] +=(cache
A7) ¥3h simulationS P8 Hr}t. £F MPEG4
2o A LA cache misse] A2 ot
& o7 itk 2 A4 £89 simulationd A&
cache® o2 & s RstE & o 483 A3}
71418l processor data pathol 23 A2 JFS
ojof 3} 3L, data path®] EE AAAFY A71E F
=2 AAsdet. 2 AF AsE ® 2 9 g}

Cache9] hit latency 2 miss penaltyt cache 7]
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Table 3. Cache modeling assumption.

Cache Feature Assumption
Clock_Cycle_Time 2ns/1clock(500Mhz)
Cache_Bandwidth(Processor-L1) 8Byte(64bits bus)
Bus_Bandwidth §Byte
(L1-Main Memory) (64bits bus)
Row_Counter Cache_Size/Cache_Ban
of cache memory(SRAM) dwidth
Gate_Transition_Delay 0.2ns(0.25um tech)
Transition delay of row line of Tc*(Row_decoder_trans
cache memory(SRAM) ition), Tc=1

rate®] A= FRSpAR AA FA5EA ¥WFACH
(Clock per instruction) %+ IPC(Instruction per clock)
o 9%g F+= AFelth £3% simulationdllA A3
& L1 cache? hit latencyA AL ¥ 39| 7|&d HE&S
9H oz Ft}

E 39 7HgolA dA" Fol wel L1 cache hit
latency &
TexGate_Transition Delayx]og.
Cache Hit Latency = . bl gz

Clock_Cyck_Time

o} Zro] A} & 4 glom ehA Hojd AA wat
A4bsla 32kBoldtel A= L1 cache hit latency7t 12
I oA E 28 AAFEY. 283 main memoryE
off-chip®2 bus bandwidthE 8ByteZ |33l .o
oo w&} L1 cache miss penalty= T3} it}

L1CacheMiss Penalty = First_Churk_Delay+ S2che_Blodk SizexInter_Churk Delay
Bus_Bandwilth

283 12 cache® AMEEHA 2E& A first chunk
delayZ 182 171l inter chunk delayS 22 4434
th. ¥4 A3 model transition coefficient(Tc)&
o]-&% gate level®] WFAA modeling'}H& AHE
Ro g Hth AAE modeld )M & transistor level
9] circuit modelingg AHEE 4 AT,

a9 2% L1 cache® T% % set associatives}
block=7]¢ll w}2} M3}A|71HA L1 cacheol A T s
miss rate®} IPC(1/CPDE Aeldt 10|tk HA entry
o] £ 182 1A HY A& FElA set associative
g WEAI7|HA simulationdt A3} set associative’}
2(set F entryTE 64)4 797} direct mapped ¥4
H 3] cache miss rate’t ZAsaL [PC7F F7hgch 1
ol el e MM gt o ARE ¥ o A}
2% test bench® instruction data accessAl
conflictell & & miss HAo] A& g§UT + vt 2
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—&—BlockSize : 8Bytes
% BlockSize . 32Bytes
—¥— BlockSize : 128Bytes

-l BlockSize : 16Bytes
-3 BlockSize : 64Bytes
-@-— BlockSize : 256Bytes

di_miss_rate

iH.miss_rate

00001

Set-associative

a8 2. L1 cache® set associative 2 block 37| tslof
uhE cache miss rate2t IPC 24 ‘

Cache miss rate and IPC according to set
associative and block size change of L1 cache
having the following Spec.

Total entry number of cache: 128(entry/set x set
associative), Cache size: 1kBlwhen block size is
8 Byte), 2kB(16Byte), 4kB(32Byte), 8kB(64Byte),
16kB(128Byte), 32kB(256Byte).

Fig. 2

23 block®] 719} cache 271& 3 F7H71E &
oA block®] Z7)7} 128Byte(16kB cache size)o]d
2 M7} gAY AAHOE cached] Z7IE 2
wld Z7}3tol wel miss rate® 28] ooz #HAad

T AL A & F Uik

g3, 2y 29 A A A 2 EE set associative
¢ block 27]1& W3}l w2 L1 data/instruction cache
9] miss rate, hit latency 283 QoA LA
processor datapath®] o2 o33 o] Wilshe
IPC (Instruction per clock)E A& 3 Aolt}.

__1_ = CPI = CPlsecution+ Memoryaccess
IPC

x Miss rate x Miss penal
Instruction penalty

miss penaltys A 2% 2o whE} 18+(cache_
block_size/8)/2 7} ®t} block = 7|(cache_block

Mobile Multimedia X|¥l&

(484)

9fat

Embedded Processor +X A

~&—BlockSize : 32Bytes
£~ BlockSize « 128Bytes

- BlockSize : 64Bytes

I

[
=4

000

dlf..miss_rate

00001

000001

o1

3.0t

4.00t

60001

ilt_miss_rate

0.00001

0.000001

2.0000001

128

1 2 4 8 16 R 258

L1 Cache Size(KB)

64
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Fig. 3. L1 cache miss rate and IPC according to cache
size change.

_size)7} 8 16, 32, 64, 128 256 byteol wel miss
penalty= 18, 20, 24, 32, 48 80 cycleo] @t} o3t
miss penalty®] F&& IPCl AFHoz s 7
I gge 1Y 29 IPC I ZAA A& & itk

Cached] 7z W37t AAAso F+ 4%F& A
312t} blocke] 719} cached A& A F7HA17]

1 gspatial locality7} &35 I miss rate™ 50| A
Aol MHAE Aoz s d ey cache missA
updatedioF & data’} Bob miss penalty7} S7HTh
£3) 6dbyte blocke] 4l AE cache’t AA BT A%
g3 M ATt ofF

MPEG4 Z218& 384 cached HA entry/lF

T 1282 nA3hd HW B33 459 trade offel A
2 set associative”t 433}l miss rate®} IPCO trade
offol A 32, 64, 128 byte blocke] HEsltl= A& &
g3t

a9 39lA+ 2 set associative® A3 32, 64,
128 byte blocke W22 entry 9 cache I7|1&
7 F7MA71HA instruction cache$} data cache?)
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cache Z7]7} 229 32 byte block¥ "W entry
£ 64 byte blockd ™ Bt} 28)7} H 3 128 byte block
& AHEE wiE 4ui7h Aok 29 39 miss rated]
AAHA 53dE& BE cache I7|7F B9 9 2
blockS AHE-E4E cache miss7} FA=+= 2E &
g Qv

Data cache®] ¢ 43 cache 3A7IY o ALEE
T SIE entry F7b ATAHQ 4B A7] ool E
(block 2717} 32 byted ™ 64 entry, 64 byted W 32
entry, 128 byted ® 16 entryo]t}h) entry2] ol wh
cache EfAAoawt AMHoez =Y
instruction cache®} Zo] cache 7|7} §YE o 2
blocks AH8 4% cache miss7} =& AE <
& 4= it} data cached] entryd& HAE e 9
e B2 data® URE 3= I=E 99 blockdl Y
FolA Qe data® ¥& 5 Jdoh. MPEMY F83+9)
71%-l & motion estimation &=+ motion compensation
ol & frameol X 38= macro blockES A3 H]
W= FFo] ol Pt

miss rate$} hit latency 2@}3L processor data path
of Wz} A& [PCE & o blockZ7]7} 64byted | -
A5S Bolx o™ cache 7|7} E4E IPC
7} AR A % hit latency 7} 27} == 32kBo] 4] cache
& A3 g We Aol HnE 3xkBAME
23|18 AFol AstHh 183 HW BZAF 459
trade off2 16kB9] cache® AHg-3h= A ol(hit latency
7} 19 cache® AHESHAE o) 71 A gsich 9 2
o] cacheZ 7| €% 3713k hit latency & 0171 9
8] line buffer =¥ pipelined cache® At&3t:= A$7}
ok 1A MPEG4$F 22 32 Z2a8Y d&
olgjg 7ol <3 Asedol malayt,

A 744 cache simulation®]l ¥ set associative©l
42 AT WE 4RI ol 'R block A7)
9} setd entryE W 3A]7|E=(cache= 7] ¥ 3}H)simulation
S 39t MPEG4 $4 Z21Y9L o] 88 A% 2 set
associative?’t HW £33 459 trade offll A e
sithe 23} 32, 64, 128 byte2719] block®) miss rate
o} IPCollA A &slal olF 64 byte blockel A A%
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IV. Branch prediction®} multiple issue

Superscalar7t Q¥tglg el we} branch prediction 7]
&¢& processord A% € B¢ 93-S WA Branch
prediction branch®] ¥ (taken %+ not-taken)d &
3} taken branch¢l 739 #249] delay® branch target
instructiong 3= A 7R YEw o Uk
Target instruction® WM 0 2 target instruction
ug AR F& 5¥& cachedd BTB(Branch
target buffer)E AME3dle Z$olth 7B #F 4Ed
prediciond B o2& # 2o Al4¥E branch® direc
~tiong wtgoZ 4F& Fdde 7|2 bimodal
branch prediction® Z} branch®] history® SHHo2
o] 45}l branchg] ¥HEA<l pattems 2t 54E o
£-3}+= local branch prediction(history 7} 582 o]B2)
7 A branchE9 A% historyS AHEEHE global
branch predictiong & 4 g,

78 A HEE = e YhE3 branch predictorol
& hit rate® [PCE t}F1x 3t} simulationol] A
memory access % multiple issued] TAE AT o
AR o8 MA3Y branch predictiond] WA+ AEE
#2425} S

a3 49l cache simulationo]A AH&¥ MOVA
g x}-g3te] 9A 153 bimodal branch prediction, gl
-obal branch prediction, local branch prediction 1]
Acombined branch predictionel] Wis) FUs +H A
71 7F4 19 branch prediction hit rate$} IPCE +
& otk A WA i ZeA 7t2Fe FYAY)
(table size)= 2 TFEYAA mE  ALREHE
buffer(BHT, PHT)E A#3}ste A Aoz 2+
Furalo me} FEA7] ALE F 4o HeHo ok

MOVA AHgAl 48 78 2719 o GAg¥4lel
AAH ez 74 4ot hit rated} IPCAHSS HolH
ol tableZ7] & X 45 H A FAE Bt o
H3 ASAFTFL o8 branch instructiono] 3hute]
branch  history table(BHT)®} pattern  history
table(PHT) & &7 & Aol o 78 723 £A
o 9% Axelry. 7#d =77t A4S F el bimodal,
gshare, PAg¥2]o] & HWE 71 ®ol A&k
PAp2] el s -3t Holn| 14 =77t A
AT E olgd B v Eo PAp Ao ¥A AF

Btk ¥z

Ao ]3]
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e 3 gsr‘t)areHmo'y Size(Bits) —x-éﬁ% 6 Enty L-O—lssuefi —- issue8 —&— Issuel6 > lssue32 !ssuesii!
-@— Bmodal - Combined(bimodal/gshare)
088 7
6
0.86
5
w
® 084 4
: :
T 082 3
2
0.8 1
0.78 0
0 5000 10000 15000 20000 25000 30000, 0 50 100 150 200 250 300
Table Size {8} RUU Size(nst's)

PC

PC

0 5000 10000 15000 20000 25000 30000 0 100 200 300 400 500 600)
Table Size {0} LSQ Sizellnst's)
a8 4 S 27|18 JHE o branch predictionAol a8 5. RUULSQ 37[t#Hstof WEIPC M5

E2 MsHin
Performance comparison depend on branch
prediction scheme at same area.

Fig. 4.

E 4 branch predictore| 7% 37|
Table 4. estimated cost of branch predictors.
Scheme BHT Number of Simplified
Name Register PHT Hardware Cost
Length
GAg(k) k 1 k+2x2
PAg(k) k b bxk+2%x2
PAp(k) k b bxk+bx2*x2
|_gshare k 1 k+2*x2

azle) F@A3A AAHZ g2 7 WA vl &
A3 AL Hojx ity ARFH o= Z} branch7t &
A wgoern AFH & A9 frEld bimodal bran
-ch prediction®} branchE°] @&d ¥HEAQ] pattern
¢ 712 9 £ & local branch prediction 18|31 Q&
How 5% branch® direction®] X2 A#Ad o]
E& A9 feld global branch prediction®] =¥
2 8% combined branch prediction¥2}°] o1 pre
~dictor?] ZA3g YA E AA= F7H4Q predic
~tion selector 7&E 73t 7@ WY dy] A%
o] §&0°] /M 3tk

t}49] function unit®} instruction queued} Z-&
unitE AFE3L] 3 clock? BAO A8 A9 instruc

(486)

Fig. 5. IPC perdormance according to RUULSQ size
change.

—tione A #d 1A 3} multiple issue superscalar %
#& H/W7|4oll A instruction level parallelism ©]&
3 AoZ MOVAY 22 multimedia 88 T2I1H9
35 A +8 7Fs3 instruction®] F4-3] multiple
issue B39 A4 oE &8 vld 58 AT
< 7Y & gk B =R E superscalar7d
Ao 1014 RUU(Register Update Unit)¥2]& ©]-&%
o 9FA branch prediction simulationslAE multi
-ple issuest BAE 39 T2 FAEE Huisteto
multiple issuedl] WE simulationd] #|X& 9L AL
33ty ek oloh= w2 multiple issue simulationoll A
* branch prediction perfect= 273 3t] multiple iss
-ue simulationoll "X FEgS HA %)

1% 59 (a)t issue bandwidth® 4, 8 16, 32, 54
instruction®.2 AAE w RUUZY|Y W& A5 w3l
g Bd F3 glow (b)E issue bandwidthE 16
instruction®-2 A% 1 LSQA7|el wE IPCAHSH
32 Jehlx it} (a) AFoNA 32, 64 issueE T3
S EtE issuevt 169 Wl v)&] o o)de] A%s AA
o] 1&g T & goH o]z} 54L& MPEH
test bench®} instruction parallelism®| 3HAIE Ho] £
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3. 28z 574 issued thal RUU sizeE @Ao)4e
2 F7H7IHEIE o ol AFAANE Holx ¢
2 gag + Ut 28 594 Holm g AyE

serfect branch prediction®] $3& 7143l 9oy A%
¥4 saturation point7} A AAE ARE dSloy
94 FHo|M= not-perfect branch prediction®
memory missZ <13} issued] WE 21 queue=’]
A 9% 4% &4 saturation points © Fe A H
q FAEY E4 329 superscalar?] processors
7¥% 79 branch predictor ¥ multiple issue®] 73
Al AEHE HW 9 ojd] @& 4534S IPCEez

T8 F o oz A A dAd T8 3
T A2 A

V. Energy Efficiency

£ =fdA F38422 7]1<3E mobiled embedd
-ed processor®] AAGME FFAAM FPH FHTZE
A e 4o #Hgd ZARA 28 MFE energy
sfficiencyE & + Atk ¥A F8¥ simulationZ 72
AA AeE 2A FA7e F2YADE energy effi
ciency?t X @& fx2v AA T 9A Ao
27} At Energy efficiency® 1337 fajxe=
Z£43}7] 918 measure unit 32
7} M= olok 31w power, energy, energy-delays -l
mnit7b ALHE F Qlth 71EY] BIEF ASH AR A}
&5+ o4l powerte processor clock frequencyell
N8}, processorol A AL 3FHE energy: processor
2 284 A 93 FSHEE energy( jule /
mstruction )= thge 78 F2719 energy efficiency
g Hudrldle YA #om  energy-delay
oroductE ©]&3 @& ALY A$ 54 &4 ==
13o] AH|EHE energy$t ZEIYWo] FHHE A7
& ¥geta o] FETRY A4S dFrld Hits}
}. o] 3 o] f 2 B =FAE processorTz4 A
4< energy-delay product® A}3te] Hrls). 1
da B =FoMe FHd i H5ANE Adsn

energy efficiency &

TZRAQ #HAA MANEE 2HTE F UEE
energy—delay product® A% HlE&Z AAsgxn
energy-delay producte te3 Zo] Fgd & qidh

Energy - Dela)' = Eﬂel‘gy x CPUTiLm

X
Energy = Z(%x a, xCV?)

77
CPU,,,. =TCx CPIxTime,,,,
_ICxTime,,,,
IPC
IC= Compiled Instruction Number
—=CPI=CPl,, i + ______________Memory aFcess x Miss rate x Miss penalty
iPC Instruction

ot AAlEenergy-dealy productdlA Compiler?]
Ao o8 #H$HE ICe uAY goz AAg £
13 unpipelinedt27} ol simple pipeline/superscalar
o] 72& Hu¥ A4 Timewx FA 389 o3

95+ scaling factor® W4E 7p3ste AL
At o3 7S HE O 2 energy -delay efficiency
T Ue Zo] gt Jledd
Energy

IPC

71&9] A7NA superscalar}d el 52 A 74 A
84 2REHE Ao B3 v drt Ay
RO power modelS AR o2 A
de vg 78 4 g

¥ 5% superscalar$ 22 F3 ¥ processoroll A &
H5E energyE 4 39 FAGY HE A 12
simulation®] AH&® 8 39 FAEHY T2 4A
< Y53

Energy— Delay Efficiency=

U3}l energy AH| o

Fetch/issue width: 4 instructions

Instruction Queue size: 128 entries

Functional units: 4 intALU, 4 fp ALU, 1 int mul/div, 1 fp
mul/div

Branch predictor: Combined (1k entry gshare/8bit global
history/2k entry bimodal/1k entry selector)

I-cache L1: 128kB, direct mapped, 32byte block, 1 cycle
hit, 3 cycle miss penalty

D-cache L1: 128kB, 4-way set associative, 32byte block,
icycle hit, 3 cycle miss penalty

I/D-cache 12 1MB, 4-way set associative, 64byte block,
cycle hit, 16 cycle first chunk, 2 cycle interchunk

¥ 504 £ o 22 Ao instruction queues} ©]
of 27tg 32X AREE ¢ F X olE HA &
EAge] oz 25%) i@t 283 reorder buffer
o ] HA] instruction queue$} <3 AL AHE
2R3 o] 23 superscalar F3& 93 HEARE
instruction®] issue rateol Hl#dte v cyclen}th
bufferg& access?dt”] w&o|tt 18ln ® 5% 4
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E 5. superscalarofi M2l energy22 H|E
Table 5. Energy consumption ratio in superscalar.

0|24 2|

Sub-Component Average Power
consumption(%)
Inst. decode 2.8
BTB 1.1
TLB 0.5
L1 I/D-cache 10.4
L2 Cache 11.1
Rename table 13.8
Inst. Queue 26.5
ROB 27.1
Function Unit 2.0
/O logic 2.0
Other parts 2.7

E: 6. Xl ot=l Embedded Processor T+
Table 6. Proposed Embedded Processor Architecture.

3% 6. configurable processor T+
Fig. 6. configurable processor architecture.

Architecture Simple Pipeline SuperScalar Pipeline Suggested Architecture
Feature
Basic Feature S stage 6 stage 5 stage
Cache Cache Size : 16KByte, Cache Size : 16KByte, Cache Size : 16KByte,
Block Size : 64Byte, Block Size : 64Byte, Block Size : 64Byte,
Set Associative : 2-set Set Associative : 2-sgt Set Associative : 2-set
Branch Static Dynamic Combined Dynamic Combined
Prediction (Bimodal/gshare) (Bimodal/gshare)
Hit rate : 0.21 Hit rate : 0.87 Hit rate : 0.90
IPC : 0.54 IPC: 1.68 IPC: 0.79
Out-of-order 1 Issue 4 Issue 1 Issue
Execution )
Energy 100 1735 122
Consumption Inst.decode : 14 Inst.decode : 56 Inst.decode : 14
Ratio Li1S, TLB : 52 L1S, TLB: 208 L1S$, TLB: 52
Function Unit. et al: 34 Function Unit. et al : 105 Function Unit. et al : 34
RUU: 1344 BTB : 22
BTB : 22
Energy Delay 1 5.58 0.83
Product
efficiency

issueE 7H4E AH}E superscalarFHE 7HA A ge
processor7} 1 issuedS 7F3E W superscalar %4 &
2 79" EE blockd 57 7|1EAHoE Fuj &

39 o]Z 1#3}A superscalar® TAIY] A3 AR

9 39 FAGANAN AREE energy F7HS 1 issue
7|& pipeline7Z°] &) wij¢ Atk T AHY o
A % 32 branch predictorol A 4B 5E energye
F@FZ9 AA  instructionolA XA E=  branch
instruction®} ¥]&ol o3 AR =Y MOVAS ZA¢ A
A instruction®] A branch instruction®] 17%u<] <] H]
$& 7F4 branch predictor? ¢ TFAGEY
BTB(branch target buffer)olAl AE %= energye A
A 2% energy® 1.1%9 9|V & energy WS 4H| 3t}

(488)

VI. Embedded Processor Architecture
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processord] Z &$] FAGHANA AEHE energy?
Hlgol s 7]estdh ol AHE HgeE 2
| 4E mobile multimedia A YL Y3 energy
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A% processor 3t TFAGLNA A¥)HE energy?]
H&3 I, [VAlA 73 723l & IPC §g
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energy—delay efficiencyE 7% = it} o|& o] &35}
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71&9] 1 issue simple pipeline TZ$F 4 issue
superscalar 7% 1213 branch predictorg AM&-3tE
1 issue simple pipeline T+&& H|W3IHTE F 6904
static branch predictiong A3} simple pipeline 7
%9} dynamic branch prediction® 4 issueg +#3}=
superscalar 7% 223 dynamic branch predictions
483} 1 issue pipeline TZo| W& energy-delay

efficiency® Azdtz Yt} Simple pipelined A<
taken TE not-taken®] AAdl ulel FA3sE static

branch prediction® AH$-3}4 branche] F#to] HEFH
wsko 2 MAY 7S branch prediction®} hit rate”}
0212 Jehgoer o|u) dynamic branch predictions
A5 2 test benchol ti#t hit rate”t 099 717t
o] gt} ol & IPCx ¥ 60 AAE cached
%9} not perfect predictionol] <13 A gE o Vel A
AXE simulationZ#}o] v)E Thr 2 FE Bolx
oth, 18] X energy A% #< simple pipelinesS 71&
221000 B ¢ AAZ & 5o wt vlgR
g3 e 2474 el glew ol uhel Ailg 4
issue superscalar®] energyA % #2 simple pipeline®]
Bjsl17eel 2etn 3k9) FAGHd i 2o Fa
#e % 69 AYsH . 28 Y dynamic branch pre
-diction& AF&3}= 1 issue pipeline 2 A& 22%9
energy A% Z7lHg BRI} oj2d AAE wEoR
OA £23 728 energy-delay efficiency & AHg-3t
o I 8L T3 static branch predictiond A&
simple pipeline 7%& 12 7]#22 & A% 4 issue
TZ2E 56M 49 xge aElx
dynamic branch predictiong 533} 1 issue pipeline
A 17%2 AAE 248 Btk oHd AFE
AHALE7} 223 A7} 5= embedded processor7}
multimedia® *143}7) 9% T2 2+ dynamic branch
prediction 7%& AM&3h= 1 issue pipeline T+&7}F 7}
F ZRHAE A+ AU

superscalar

iLd 8

2 =R E multimedia 88 T21¥Q0 MPEG4
test benchE AH&3l9 cache hierarchy9}l ofel] W& ot
F9 FEFZ simulation¥} processor data pathol A €]
th=¢] branch predicton ¥2# multiple issue
superscalard o] i3 simulationS FHsvh 18
o oolEF ARE vEez ARYLrst duHes
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